Since Dr Dargent first reported endoscopic surgery using retroperitoneal pelvicoscopy to perform pelvic lymph node sampling in 1987, many literature reviews on the safety and feasibility of laparoscopic staging surgery of gynecologic malignancies have been published. However, the procedure of laparoscopic lymphadenectomy is more difficult to perform due to the limited surgical space and associated technical problems. Especially in the para-aortic lymphadenectomy procedure, there are many barriers to overcome in the surgical field, learning curve, and technique. We present a review of lymphadenectomy, especially para-aortic lymphadenectomy.
Introduction
Endoscopic oncologic surgery has about 2 decades of history and spread rapidly with remarkable progress. Minimal invasive surgery offers benefits over laparotomy in terms of fewer operative complications, lesser adhesion formation, shorter hospital stay, and maintenance of quality of life, including reduced analgesia requirements and earlier return to normal activities. In 1987, the French gynecologic oncologist Dr Daniel Dargent 1 was the first to report endoscopic surgery in the gynecologic oncologic field by using retroperitoneal pelvicoscopy in performing pelvic lymph node sampling in patients with cervical cancer. In addition, Querleu Abdominal lymphadenectomy with a large incision may lead to some complications, such as abdominal incisional pain, bleeding, infection, or intestinal obstruction, not to mention the delay it will cause to postoperative adjuvant therapy, if indicated, waiting for the large wound to heal. Compared with laparotomy, laparoscopic lymphadenectomy can decrease these complications. There are many literatures about the safety and feasibility of laparoscopic staging surgery in gynecologic malignancies. 8, 9 However, laparoscopic lymphadenectomy is more difficult to perform due to the limited surgical space and associated technical problems. Especially in the procedure of paraaortic lymphadenectomy, there are many barriers to overcome in the surgical field, learning curve, and technique. Here, we present a review of lymphadenectomy, especially para-aortic lymphadenectomy.
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Materials and methods
The PubMed database was used to collect the literature published up to November 2014. We searched the database for relevant articles using the following terms: a combination of "laparoscopy," "para-aortic," and "lymphadenectomy" or "transperitoneal lymphadenectomy" or "extraperitoneal lymphadenectomy," or a combination of "transperitoneal" and "extraperitoneal." Case reports were excluded.
Results and discussion
Approach to performing para-aortic lymphadenectomy There are two approaches to para-aortic lymphadenectomy: transperitoneal and extraperitoneal. The transperitoneal approach offers a greater working space and familiar landmarks, but sometimes requires bowel mobilization. The advantages of the extraperitoneal approach include operative feasibility in spite of previous abdominal surgery, decreased risk of direct bowel injury, and bowel adhesion formation. The disadvantages are a small working space, limited landmarks, and the risk of becoming disoriented. Childers et al 3 introduced transperitoneal para-aortic lymphadenectomy using four trocars. One large 10-mm trocar was placed in the umbilicus and one in the midline near the symphysis pubis. Two 5-mm trocars were placed laterally midway between the umbilicus and the anterior superior iliac crest. Since the evolution of this approach, many authors have used five trocars: one at the umbilicus, one at the suprapubic area, two at the lower quadrants, and a 10-mm trocar at the left upper quadrant, which is used as a retractor or for removal of lymph nodes ( Figure 1A) . 10, 11 In another report, Lee et al 12, 13 reported the efficiency with five trocars (two 10-mm and three 5-mm). The 10-mm laparoscope was introduced at the midpoint between the umbilicus and the xiphoid process (LeeeHuang point), and all other ancillary ports were inserted laterally ( Figure 1B) . They reported the safety and feasibility in the field of gynecologic malignancies. 13, 14 Vasilev and McGonigle, 6 following Dargent et al 7 and Querleu et al, 15 reported that extraperitoneal lymphadenectomy is preferred as it is more effective in decreasing the formation of adhesions with fewer resultant bowel complications than the transperitoneal approach. The surgical approach introduced by Vasilev and McGonigle 6 is as follows. A 15-mm incision was made just below the midcostal margin. The extraperitoneal space was developed using a balloon dissector inflated with 500e1000 cc of air. Then the trocar was replaced with a 10-mm trocar and pneumoretroperitoneum was created. An additional two 5-mm trocars were placed in the left subcostal region. Dargent et al 7 evaluated the accuracy of the left extraperitoneal route in 21 cases, by comparing the transperitoneal route in nine cases with the bilateral extraperitoneal route in 14 cases. There was no statistically significant difference in the total number of aortic nodes removed; however, the operating time was significantly shortened using the left extraperitoneal route. They concluded that infrarenal para-aortic lymphadenectomy by the left extraperitoneal route was feasible. Recently, the surgical approach has been improved and many authors reported better techniques. 16, 17 The most reported surgical techniques are as follows. The initial entry is placed at the umbilicus to evaluate the abdominal cavity. Subsequently, 10-mm trocars are placed 3e4 cm medial to the left iliac spine, another 10-mm or 5-mm trocar is inserted at the external clavicular line under the subcostal margin approximately 5 cm above the initial point, and one more 5-mm or 10-mm trocar is placed 3e5 cm cephalad to the previous trocar ( Figure 1C ). 16, 17 Through the first incision, the surgeon uses his/her index finger to open the extraperitoneal space between the peritoneum and muscles of the abdominal wall. A balloon-tipped trocar is then inserted and used to visualize the extraperitoneal space. Carbon dioxide is used to insufflate the extraperitoneal space while exsufflating the peritoneal cavity at the same time.
Comparison between extraperitoneal and transperitoneal lymphadenectomy
Since the extra-and transperitoneal lymphadenectomy were introduced, Weiser et al 18 studied 284 patients with Stage IIB or IIIB cervical carcinoma who underwent surgical staging, including selective para-aortic lymphadenectomy, followed by pelvic irradiation with or without para-aortic irradiation. Of 284 patients, 128 underwent extraperitoneal and 156 transperitoneal procedures. There were similar sensitivities in detecting nodal spread and no significant differences in the frequency of surgical complications that could be detected between these groups; however, both bowel obstruction and nonobstructive enteric injuries were observed significantly more often in the transperitoneal group than in the extraperitoneal group. Many authors support that extraperitoneal lymphadenectomy reduced the complication rates associated with less long-term radiation morbidity and can be the standard surgical staging procedure in patients with locally advanced cervical cancer. 19, 20 Occelli et al 21 compared the risk of adhesion formation and the site of postoperative adhesions between trans-and extraperitoneal laparoscopic para-aortic lymphadenectomy by randomly allocating 33 pigs into two groups. Although no statistically significant difference was observed between the two techniques in terms of the operating time, number of lymph nodes removed, and intra-and postoperative morbidity, the overall adhesion rates were 76% in the transperitoneal group and 43.33% in the extraperitoneal group. They showed that extraperitoneal laparoscopy leads to significantly fewer adhesions and suggested that the radiation field can be evaluated by this technique for the staging of advanced cervical carcinoma. Their study is the only randomized prospective study about the comparison between extra-and transperitoneal lymphadenectomy reported in the literature to date. Subsequently, the same authors examined the learning curves between these groups in another report. 22 The learning curves of the 10 th procedure were necessary for each surgeon and for each approach to become proficient, and they concluded that extraperitoneal lymphadenectomy has a steep learning curve similar to that for transperitoneal laparoscopy. By contrast, Fowler et al 23 reported the converse result of adhesion rates. They investigated pelvic adhesion formation in a porcine model after pelvic lymphadenectomy, and eight of 10 (80%) and five of nine (56%) animals in the trans-and extraperitoneal groups, respectively, had no adhesions after pelvic lymphadenectomy.
Pakish et al 24 compared the surgical outcomes of extraperitoneal laparoscopic, transperitoneal laparoscopic, and robotic transperitoneal para-aortic lymphadenectomy in endometrial cancer staging. The median number of para-aortic lymph nodes removed was higher in the extraperitoneal group than in the transperitoneal laparoscopic and robotic groups. This pattern held true within obese patients, and they suggested that the use of an extraperitoneal operative technique is adequate for patients with a higher body mass index. Morales et al 19 compared these approaches in gynecologic cancer patients and reported that the extraperitoneal group had a higher rate of positive nodes compared with the transperitoneal group. So far, there are no significant differences in the frequency of surgical complications between trans-and extraperitoneal lymphadenectomy, and the opinions about which approach is superior with respect to the adhesion rate are different and contradicting among journals (Table 1) . However, the extraperitoneal approach seems to allow better exposure of the surgical field and removal of lymph nodes.
Anatomy and surgical procedures of para-aortic lymphadenectomy
Para-aortic lymph nodes in the gynecologic oncologic field are subgrouped into b1 and b2 lymph nodes; b1 lymph nodes are the located between the lower margin of the left renal vein and the upper margin of the inferior mesenteric artery (IMA), whereas b2 lymph nodes are located between the upper margin of the IMA and the bifurcation of the abdominal aorta. The procedure of para-aortic lymphadenectomy is divided into two types: right-sided and leftsided para-aortic lymphadenectomy with respect to the center of the aorta. Right-sided para-aortic lymphadenectomy is performed by dissecting the lymph nodes of the precaval and paracaval area up to the level of the origin of the right ovarian vein in the inferior vena cava (IVC) or the right renal vein. Conversely, left-sided para-aortic lymphadenectomy is performed by dissecting the lymph nodes on the aorta from the level of bifurcation to the left renal vein.
The abdominal aorta has important branch vessels, such as the renal artery, ovarian artery, IMA, lumbar artery, and median sacral artery, and has variations as well. 25 The IVC also has variations.
Possover et al 26 evaluated the anatomy of the infrarenal portion of the IVC by dividing it into three portions: Level 1 is the area of the bifurcation of the vena cava, Level 2 is the area between the bifurcation and the IMA, and Level 3 is the area between the IMA and the right ovarian vein. The mean numbers of tributaries were 3 in Level 1, 1.7 in Level 2, and 1 in Level 3.
The most important and basic requirements of lymphadenectomy are the maintenance of a clear surgical field and precise anatomy of vessels in case of an accidental injury. In case of a vessel injury, compression by a gauze to decrease the bleeding is necessary. Then skeletonization of the vessel following the detection of the bleeding point has to be performed. If the procedures prove difficult, the use of a hemostatic agent can be considered. An injury of a larger vessel may require suture repair with monofilament and nonabsorbable sutures. Removal of positive lymph nodes has to be performed taking care not to cause any injury to the main vessels, especially the IVC, due to affluent artery and vein to lymph nodes.
Procedure of transperitoneal para-aortic lymphadenectomy
Para-aortic lymphadenectomy is started by incision of the peritoneum covering the upper part of the right common iliac artery. An incision along the aortic bifurcation to the level of the left renal vein is made over the right side of the descending aorta because the origin of IMA is located on the left side of the aorta. In the case of an obscure surgical field due to the small bowel, 10 10 NS Pakish et al 24 
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suturing the edge of the incised peritoneum and elevating it to form a tent can be considered (Figure 2 ). Right-sided para-aortic lymphadenectomy is followed by the left-side procedure ( Figure 3 ). Dissection of lymph nodes along the vena cava is carried out cranially up to the level of the right ovarian vein. Right-sided paraaortic lymphadenectomy has to be performed with attention to the right ureter, affluent vessels to lymph nodes at the IVC, and the location of lumbar veins. The right ureter is identified and pushed laterally. The anterior of the IVC contains some affluent veins, which are coagulated and cut to prevent bleeding using a vessel sealing device or bipolar coagulation. The surrounding tissues are dissected meticulously by blunt suction dissection to isolate lumbar vessels and affluent veins. Especially in the dissection of intercavoand retroaortic lymph nodes, care should be taken not to cause any injury to the lumbar vessels. As we mentioned, the IVC has variations between the lumbar veins and the left ovarian vein. The lumbar veins are located symmetrically and are the landmarks during left-sided para-aortic lymphadenectomy. The abdominal aortic plexus is situated on the sides and front of the aorta between the origins of the superior and inferior mesenteric arteries. The hypogastric nerve enters the sympathetic chain at T10eL2. These routes are essential for contraction of the internal urethral sphincter and, in male patients, for ejaculation function. Injuries of the hypogastric nerve may cause urinary dysfunction for female patients and lead to incontinence, so preservation of the hypogastric nerve should be considered.
As for left-sided para-aortic lymphadenectomy, the left ureter and the ovarian vein are the lateral borders of lymph node dissection. The left ureter is identified first and pushed laterally to avoid any injury. The left renal vein receives a branch to the left second lumbar vein at the origin of the left ovarian vein. Lymphadenectomy in this area has to be performed carefully. Injury of these veins will lead to a large amount bleeding, and repair may be difficult and a meticulous procedure is needed.
Retroaortic lymph nodes are dissected using suction with special attention to the lumbar vessels and affluent vein. A lumbar artery injury may cause infarction of the spinal cord. The level of the left renal vein, the upper limit of infrarenal lymphadenectomy, is coagulated and cut with a clip to prevent chylorrhea.
Procedure of extraperitoneal para-aortic lymphadenectomy
Extraperitoneal lymphadenectomy is less commonly performed as compared with transperitoneal para-aortic lymphadenectomy because it has limited landmarks, less working space, and the risk of becoming disoriented, so landmarks are needed to confirm the orientation. These include identification of the psoas muscle, iliac artery, ureter, and ovarian vessels. Then an incision is made to the level of the left renal vein. Extraperitoneal lymphadenectomy is started by separating the anterior abdominal wall peritoneum to the preperitoneal fat and muscles at the upper quadrant trocars until enough working space is created and until the mentioned landmarks are seen. Dissection of the para-aortic and paracaval nodes and the surrounding tissues is performed cranially from the common iliac to renal vein. Close attention should be given to the left second lumbar vein at the origin of the left ovarian vein to avoid injury and severe bleeding. After dissection of the left lateral chain, preaortic lymphadenectomy is performed caudally, toward the aortic bifurcation and common iliac artery. Exposure of the IMA at its origin is necessary for the dissection.
In the same way as in case of transperitoneal para-aortic lymphadenectomy, dissection of right-sided para-aortic lymph nodes is performed cranially up to the level of the right renal vein with attention to the affluent vessels at the IVC and lumbar veins. Extraperitoneal para-aortic lymphadenectomy has a dead angle and a camera at the multiport site is needed during this procedure.
Role of para-aortic lymphadenectomy in endometrial cancer
Para-aortic lymphadenectomy has an important role to evaluate the surgical staging. The International Federation of Gynecology and Obstetrics (FIGO) staging revised in 2008 divided Stage IIIC into Stage IIIC1 and Stage IIIC2 by the presence of para-aortic lymph node metastasis, which is based on the evidence that prognosis is worse with involvement of the para-aortic nodes than that of the pelvic nodes. The risk factors for metastasis of para-aortic lymph nodes are reported to be poor grade, invasion of >1/2 of the myometrium, cervical invasion, lymph-vascular space involvement, and pelvic lymph node metastasis. 27, 28 The National Comprehensive Cancer Network (NCCN) guideline defines para-aortic lymph node dissection as utility for staging of selected high-risk patients such as deeply invasive lesion, highgrade histology of serous or clear cell carcinoma, or carcinosarcoma. The Society for Medical Oncology 29 also recommends pelvic lymphadenectomy and para-aortic lymphadenectomy in intermediateehigh-risk endometrial cancer. The National Cancer Institute recommends pelvic lymph node sampling in low-risk patients, No randomized study on therapeutic significance and prognostic factor of para-aortic lymphadenectomy is seen so far; however, some studies reported the therapeutic effect of para-aortic lymphadenectomy in selected high-risk endometrial cancer patients. 30, 31 Furthermore, the Survival Effect of Para-aortic Lymphadenectomy in Endometrial Cancer study is a retrospective study that was divided into two groups, one was systematic pelvic lymphadenectomy (PLX, 325 cases), and the other was combined pelvic and para-aortic lymphadenectomy (PLX/PALX, 346 cases) for patients with endometrial cancer. 32 PLX and PLX/PALX of 5-year overall survival were, respectively, 94.2% and 96.2% in the lowrisk group and those of 5-year overall survival were, respectively, 72.6% and 83.2% in each of the intermediate/high-risk groups. This study showed that para-aortic lymph node dissection was a prognostic factor with therapeutic effect for patients at intermediate or high risk of recurrence. Based on the above, systematic para-aortic lymphadenectomy is necessary in a case that preoperative diagnosis as intermediate or high risk case by histopathology or imaging methods is made. Accumulation of findings from retrospective or randomized controlled studies is essential for the investment of therapeutic effect of para-aortic lymphadenectomy.
Development of minimal invasive surgery
Minimal invasive surgeries have spread to the field of gynecologic oncology, and the number of gynecologic oncologists who use laparoscopic surgery to treat gynecologic cancer is increasing. As the instruments and surgical techniques of surgeons improved, surgeries with a smaller incision have emerged. These novel approaches include single-port surgery and robotic surgery.
Single-port surgery
Laparoscopic para-aortic lymphadenectomy usually used five or six incisions, but the laparoscopic extraperitoneal staging procedure using single-port laparoscopic surgery requires only two incisions. This procedure has cosmetic advantage and reduction in postoperative pain, and is developed on the concept of less incision and less pain. 33, 34 Escobar et al 35 reported para-aortic staging surgery using the single-port laparoscopic approach for early-stage gynecologic cancers transperitoneally for the first time in 2010. They introduced the procedures performed through a single 2e3 cm umbilical incision using a single-port device, a deflecting-tip laparoscope, and multifunctional instrumentation. The median pelvic and para-aortic node counts were 14 (range, 7e19) and 6 (range, 2e14), respectively, and in two of 21 cases conversion to a conventional multiport laparoscopy was carried out. Since Escobar et al introduced transperitoneal para-aortic lymphadenectomy, most surgeons reported the efficacy and feasibility of the extraperitoneal approach. The procedure of single-port extraperitoneal lymphadenectomy starts with the standard transumbilical diagnostic laparoscopy with a single port inserted via a 2e3 cm incision to assess the peritoneal cavity and obtain a peritoneal fluid sample. Gouy et al 36 performed extraperitoneal lymphadenectomy with an incision at a point situated one-third of the way along the line from the anterior superior iliac spine toward the umbilicus. Lambaudie et al 37 and Hurdy et al 38 introduced the incision at the patient's left side between the iliac crest and the last ribs. Gouy et al 39 reported the use of the extraperitoneal approach in 14 cases of locally advanced cervical cancer. The median number of lymph nodes removed was 14 (range, 2e23) and there was no conversion to conventional laparoscopy. Many authors reported the feasibility of para-aortic lymphadenectomy via the extraperitoneal approach. They also reported that this procedure can be radical, and the median number of lymph nodes removed is similar to that of the conventional multiport laparoscopic para-aortic lymphadenectomy. 37, 39, 40 However, the technical constraints required a longer operative time. Moreover, the learning curve to perform all procedures by a single incision may be slower compared with conventional laparoscopy. On the other hand, Hudry et al 38 reported that the mean operative time was shorter than that of the conventional multiport laparoscopic lymphadenectomy, and this surgical technique was feasible for surgeons familiar with extraperitoneal laparoscopy.
Robotic surgery
The robotic approach is increasingly being adopted for several gynecologic malignancies. Robotic surgery provides threedimensional visualization, and tiny wristed instruments allow the surgeon the maximum range of motion and precision. These systems may have technical advantages over traditional laparoscopy; however robotic para-aortic lymphadenectomy to remove the infrarenal aortic nodes up to the renal veins without relocating the robotic column is challenging.
Lambaudie et al 41 examined 53 patients who underwent infrarenal para-aortic lymphadenectomy using different positions of the robot system, depending on the surgical procedure. For elective para-aortic lymphadenectomy, the da Vinci patient unit was docked at the patient's head, and they had a longer operative time and equivalent lymph node yield compared with the conventional transperitoneal laparoscopic approach. The roboticassisted extraperitoneal approach showed that para-aortic lymphadenectomy up to the left renal vein was feasible; however, instruments collided frequently, with subsequent risk of great vessel injury. They recommended that extraperitoneal dissection should be performed by experienced laparoscopists. When both pelvic and para-aortic lymphadenectomy are performed by using only one position, they had fewer lymph nodes due to a limited exposure of surgical field. They concluded that positioning of the da Vinci surgical system and port placements should be decided according to the surgical approach. reported a surgical technique for robotic aortic lymphadenectomy without rotation of the robotic column. They placed the trocars supraumbilically, used a 30 endoscope camera, and changed the camera's position during left-sided para-aortic lymphadenectomy to get a wide field of dissection. An advantage of robotic para-aortic lymphadenectomy is that it has a shorter learning curve suited for surgeons who have very little or no previous laparoscopic experience. 43 Disadvantages include a longer operating time and higher cost. Rotation of the robotic column is also time consuming and needs help from the anesthesiologists and operating room nurses. The procedures of pelvic surgeries and para-aortic lymphadenectomy concomitantly require extensive exploration with adequate movement of camera and robotic arms. The best trocar locations for the removal of pelvic and para-aortic lymph nodes thoroughly are under investigation. Nevertheless, we should seek to obtain a safer and more reliable method for exposure and removal of lymph nodes, especially the infrarenal para-aortic lymph nodes.
Conclusion
Minimal invasive surgery has been shown to be as safe and feasible as traditional open surgery in women with gynecologic cancers. Furthermore, laparoscopic staging surgery plays a more important role in the treatment and should be the gold standard treatment. The development of the technology and instruments leads us to single-port and robotic surgeries. Single-port surgery is a scarless procedure, and offers decreased postoperative pain and quick recovery. The advantages of robotic surgery are that the surgeon performs the entire surgery with less fatigue and overcomes the limitation of procedures. These novel techniques appear reasonable for both patients and surgeons.
Although diagnostic lymphadenectomy is well established for gynecologic malignant patients, it is controversial to perform lymphadenectomy for all patients. We should decide the surgical treatment for individual patients depending on the risk factors for endometrial cancer. As for ovarian cancer, surgical staging surgery implies not only confirmation of extent to which cancer has spread, but also therapeutic benefit. Lymphadenectomy for cervical cancer also has the meaning as treatment and the decision of radiation field. An adequate technique of lymphadenectomy is essential for staging surgery.
Laparoscopic para-aortic lymphadenectomy is a procedure with technical difficulties. Well-trained surgeons can overcome technical problems and remove more lymph nodes with fewer complications. The familiar surgical anatomy also helps surgeons to reduce blood loss and complications. Transperitoneal lymphadenectomy is more common due to a familiar surgical field with great working space; however, extraperitoneal lymphadenectomy has less adhesion rate and better surgical field to remove lymph nodes. Once knowledge and anatomy of the extraperitoneal approach are acquired, the transperitoneal approach might be a superior procedure for better surgical outcome.
It is significant to gain experience and acquire laparoscopic skill regardless of the type of surgeries and approaches.
